Background: Traumatic brain injury anesthesia care is complex. The use of clinical
| Setting
Harborview Medical Center is a 413-bed level 1 mixed (adult and pediatric) trauma center with 28 operating rooms where injured children receive TBI anesthesia care. Annually, Harborview Medical Center admits over 6 000 trauma patients, approximately 1000 of whom are patients under the age of 19 years. 16 Cases are booked with the operating room front desk. Children requiring urgent/emergent neurosurgery are transferred directly from the emergency department or ICU to the operating room. Postoperatively, survivors are transported to the intensive care unit. One attending anesthesiologist typically staffs two operating rooms, each with a resident or nurse anesthetist. All operating rooms have electronic anesthesia records.
At the time of the project, clinical decision support provided alert-based guidance on timely antibiotic administration to facilitate infection prevention, suggestions to reduce fresh gas flows to lower waste and cost, prompts to perform blood glucose monitoring in patients with diabetes, and reminders to complete documentation for invasive procedures. [8] [9] [10] 12 There was no pediatric-specific clinical decision support or other TBI anesthesia care initiative. A written best-practice pediatric TBI anesthesia care protocol was available electronically (author MSV).
| Organizational preparation
This project was a part of an interdisciplinary effort to improve trauma center TBI care. Clinical decision support for pediatric TBI anesthesia care was designed by a team comprised of an attending anesthesiologist with expertise in pediatric TBI (MSV), a member of biomedical engineering faculty (BGN), an anesthesiology resident (AAC), and a visiting anesthesiology scholar (TK). Interest in pediatric TBI anesthesia care clinical decision support was solicited and specific inputs on format and type of alerts from a 36-member hospital faculty group were elicited using a focus group (January 2015).
What is already known
Timely, high-quality care is associated with decreased mortality in children with traumatic brain injury.
Clinical decision support can improve guideline adherence during anesthesia care. Reminder messages were also generated for 10 TBI best-practice anesthesia care processes: placement of an arterial line, sending an arterial blood gas and coagulation panel, administration of neuromuscular blockade and hyperosmolar therapy, transducing intracranial pressure, and treatment of hyperglycemia, hypotension, anemia, and coagulopathy ( Figure S3 ).
What this article adds
Logs of alerts generated were reviewed by study personnel after each procedure and compared to data acquired by the anesthesia application to determine whether an alert was promptly generated when an unwanted key performance indicator event was encountered or when a TBI process measure was not followed. Logs were also examined for false alerts.
| Outcomes
Primary outcomes assessed feasibility and reliability of clinical decision support. Feasibility defined as whether this particular population-specific and disease-specific intervention received by providers as an acceptable and relevant way to impact and potentially improve anesthesia care for pediatric TBI patients, and its sustainability as an intervention for future use and study. We assessed feasibility by Although decision support did not result in a statistically significant difference in adherence to TBI process measures, treatment of hypotension and anemia was 100% in both groups (Table 2) . 
| Key performance indicator outcomes
The most common second insults were hypotension and hypercarbia, occurring in half or more of cases in both groups ( Figure 2 ). The greatest differences in key performance indicator incidence between the two groups were observed for hypoxia (decreased in clinical decision support group), hypocarbia, and hypothermia (both For most key performance indicator events (4/7), we observed lower median event duration in the group with clinical decision support. These were: reduction in duration of hypocarbia by 44%, hypotension by 29%, hypothermia by 12%, and hyperthermia by 15% (Figure 3 ), though none of these differences were statistically significant. 
| Providers

| DISCUSSION
In this study, we examined the feasibility and reliability of TBI-speci- While clinical decision support was not significantly associated with reduced event duration, we should still consider that anesthesia providers may have taken actions or steps to resolve an event.
These include promptly administering a vasopressor or fluid bolus for hypotension, adjusting ventilator settings for hypocarbia or hypercarbia, initiating active warming for hypothermia, or decreasing vaporizer concentration for anesthetic agent overdose. As even The lack of observed significant differences between the two groups may be due to lack of true effect, small sample size, or physi- anesthesia care. 17 Based on the differences in event duration we observed, a study powered to detect differences in event duration gists, but that staffing by subspecialty-trained anesthesiologists is associated with better adherence to best practice. This is important because arterial line placement can allow for more timely blood pressure and laboratory assessments when the brain is vulnerable to second insults. While it is possible that it was difficult to perform arterial cannulation in those patients, there was no difference in injury severity scores and the average injury severity score was high, signifying very severe injury. Increased education on the value of invasive hemodynamic monitoring and frequent blood sampling for these patients is warranted. Our sample size was too small to control for differences in practice between individual physicians.
We considered temporal and logistical factors that could account for certain outcomes we observed. support, compared to 61% in the group without. To power a study to detect differences in discharge outcomes, a sample size of 650 patients would be needed, likely in a large multicenter study.
We also considered implementation and human factors-related issues important for clinical decision support development. Since alert fatigue is a main concern, careful consideration was given when integrating the new TBI decision rules into the current system that already employs reminders to alert providers of other tasks. [18] [19] [20] We used expert opinion of clinicians to prioritize tasks and develop clinical decision support that is relevant for anesthesia providers. Indeed, this study makes apparent the challenges of influencing physician behavior during emergent, nonroutine cases. Future work could include a variable audible element accompanying on-screen alerts, signifying the level of urgency based on the need for timely intervention by the provider, as standard monitors do not typically have this capability. Studying event duration is more important than events alone at any given timepoint, which may not be a useful predictor of surgical risk. 21 These results are preliminary but provide a start to examining real-time clinical decision support for pediatric anesthesia care emergencies. These findings are also important because first-line providers may not be experts in pediatric TBI anesthesia care due to lack of exposure to sufficient numbers of cases, yet may need to respond to hemodynamic or other instabilities before attending guidance. The main study limitations were small sample size, lack of a contemporaneous control group, and single center. Our study also spanned several years when care and awareness may have changed.
We faced technical challenges early on, and experienced delays in verification and upload of labs, causing some lab key performance indicators to be excluded from analysis. Since no labs were sent in 30% of cases with clinical decision support, the true prevalence of unwanted key performance indicator events may be underestimated.
Data latency prevented us from defining event duration as less than 4 minutes while expecting an appropriately timed alert response.
With 89% sensitivity in detecting unwanted key performance indicator events from monitor data, missed events were attributable to clinical decision support not yet being activated, anesthesia equipment changes, and incorrect entry or interpretation of patient age or procedure. However, the ruleset was able to be further refined and clinical decision support updated in response to missed events.
Despite these limitations, our study suggests that clinical decision support-based strategies to reduce second insults in pediatric trauma anesthesia care may be beneficial. It lays the groundwork for design of future studies aimed at improving TBI care. We suggest a multicenter prospective study, or a quality-improvement based multifaceted approach involving temporal analysis of pre-and postintervention groups to examine statistically significant improvement in adherence to the established TBI guidelines and differences in patient outcomes.
In summary, smart, well-designed systems for delivery of anesthesia care even for emergent, complex surgery in children are feasible and reliable. These results suggest clinical decision support as a possibility for care improvement and argue for future studies of larger numbers of pediatric TBI patients. Given the significant public health burden of TBI, implementation and dissemination of clinical decision support across health systems which care for injured children with TBI are important and should be pursued.
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